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(54) ACTUATOR 



(57)Abstract: 



PROBLEM TO BE SOLVED: To provide with a simple configuration an actuator 
capable of sure demonstrating ability as an actuator, even at expansion. 
SOLUTION: An actuator consists of an expansion/contraction element 1 that is made of 
a n-conjugated macromolecular material such as polyaniline and polypyrrole, a power 
supply part 2 and a voltage application part 3 for applying a voltage to the 
expansion/contraction element 1, and an electrolyte 4 for conducting electricity from the 
expansion/contraction element 1 to the outside, and then is provided with a mechanism 
for causing the expansion/ contraction element 1 to expand and contract, when positive 
potential and negative potential are applied to the voltage application part 3, 
respectively. The expansion/contraction element 1 is provided with a bias mechanism 5 
such as a spring for generating force in the expanding direction on expansion. The power 
supply part 2 for supplying potential to the voltage apphcation part 3 can vary switching 
between positive potential and negative potential and controls the amount of 
expansion/contraction of the expansion/contraction element 1 by switching the absolute 
value and the polarity of a voltage value. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An elastic element which comprises pi conjugate type polymer 
materials, such as poly aniline and polypyrrole, A power supply section for 
impressing voltage to this elastic element and a voltage impressing part, and an 
electrolyte for making it flow through current outside from an elastic element are 
comprised. In a mechanism which an elastic element will elongate if 
electropositive potential is impressed to a voltage impressing part, and an elastic 
element will contract if electronegative potential is impressed to a voltage 
impressing part. An actuator with which a change of positive potential and 
negative potential is variable, and, as for a power supply section which provides 
bias mechanisms, such as a spring which generates power, in a stretching 



direction at the time of extension of an elastic element, and supplies potential to 
a voltage impressing part, is characterized by controlling the amount of elasticity 
of an elastic element by absolute value of a pressure value, and polar change. 
[Claim 2]The actuator according to claim 1 which encloses an electrolyte with 
space which installs a counter electrode part in a voltage impressing part, an 
elastic element, and its neighborhood, fonns covering sections, such as silicon, 
in an outennost periphery part, and is fonned between a counter electrode part 
and an elastic element, and is characterized by things. 

[Claim 3]The actuator according to claim 1 or 2 which installs a counter electrode 
part in the circumference of an elastic element, and is characterized by things. 
[Claim 4]The actuator according to any one of claims 1 to 3 which installs a 
counter electrode part in a voltage impressing part, an elastic element, and its 
neighborhood, and is characterized by a counter electrode part being the 
network structure. 

[Claim 5]The actuator according to claim 1 , wherein a voltage impressing part is 
installed in both ends of an elastic element and perfomis voltage impressing 
from a power supply section from both ends of an elastic element. 
[Claim 6]The actuator according to claim 1 , wherein a point of contact of a 



voltage impressing part and an elastic element is larger than electrical 
conductivity of an elastic element. 

[Claim 7]The actuator according to any one of claims 1 to 3, wherein it installs a 

counter electrode part in a voltage impressing part, an elastic element, and its 

neighborhood, a bias mechanism is canying out the shape of a coil spring and 

this bias mechanism serves as a counter electrode part. 

[Claim 8]The actuator according to claim 1 , wherein a covering section which 

covers an outermost periphery comprised an elastic body and serves as a bias 

mechanism. 

[Claim 9]The actuator according to claim 1 which installs a counter electrode part 

in the central part, makes rolled form a thin-film-ized elastic element, arranges 

around a counter electrode part, and is characterized by things. 

[Claim 10]The actuator according to claim 9 characterized by a thing of an 

elastic element which carried out rolled fonn for which a counter electrode part is 

arranged so that a periphery may be surrounded further. 

[Claim 1 1]The actuator according to claim 10 arranging an elastic element which 

carried out rolled form, and a two or more layers counter electrode part. 

[Claim 12]The actuator according to claim 1 or 4, wherein an actuator which 



allocated in a diameter direction an elastic element which carried out rolled fonn, 
and a counter electrode part is canying out the shape of a tube. 
[Claim 13]The actuator according to claim 1 impressing negative voltage to an 
elastic element of another side when positive voltage is impressed to an elastic 
element so that one side may contract in while, when one pair of elastic element 
is provided and one side develops for an elastic element of this couple. 
[Claim 14]The actuator according to claim 1 or 13 with which a natural state is 
characterized by installing an elastic element in both sides of an elastic core 
material used as curved shape. 

[Claim 15]The actuator according to claim 1 or 13 installing an elastic element in 
both outsides of an elastic core material of the shape of direct [ of a center 
section ]. 

[Claim 16]The actuator according to claim 15 providing at least two or more 
voltage impressing parts along an expansion and contraction direction of an 
elastic element, and changing as a change of a voltage impressing place being 
free. 

[Claim 17]The actuator according to claim 1 or 13 installing an elastic element 
via an insulating movement transmission part, providing a voltage impressing 



part in an insulating movement transmission part of each elastic element, and an 
end of an opposite hand, impressing reverse potential to a voltage impressing 
part of each elastic element, and making an insulating movement transmission 
part go up and down. 

[Claim 18]The actuator according to claim 1 or 13 which allocates an elastic 
element in both sides of a rigid core material which a rigid core material was 
combined by link part and combined by this link part, and is characterized by 
things. 

[Claim 19]The actuator according to claim 1 providing two or more elastic 
elements, providing a change part which switches impression of voltage to these 
two or more elastic elements, and generating an operation pattern of an elastic 
element by voltage switching. 

[Claim 20]The actuator according to claim 1 providing a counter electrode part in 
the central part, installing at least three or more elastic elements in a peripheral 
part of a counter electrode part, and switching impression of voltage to three or 
more elastic elements. 

[Claim 21]The actuator according to claim 1 which provides a counter electrode 
part which served as an elastic element to one side of a rigid core material 



where it was combined by linl< part and a rigid core material was combined by 
this linl< part, and served as bias mechanisms, such as a spring, to the side of 
another side, and is characterized by things. 

[Claim 22]The actuator according to claim 21 which provides a tension guide for 
guiding an abbreviated center section of the elastic element to a link part, and is 
characterized by things. 

[Claim 23]The actuator according to claim 1 which inserts two or more elastic 
elements which have a voltage impressing part in a counter electrode part which 
carried out tubed, and is characterized by between inner circumference of a 
counter electrode part and outside surfaces of two or more elastic elements 
which have a voltage impressing part being an electrolyte in an inside of a tubed 
counter electrode part. 

[Claim 24]The actuator according to claim 1 which an-anges a counter electrode 
part to the central part, bends a thin-film-ized elastic element in the shape of a 
rib, arranges to a peripheral part of a counter electrode part, and is characterized 
by things. 

[Claim 25]The actuator according to claim 24 which is crooked in the shape of a 
rib in a counter electrode part arranged to the central part, and is characterized 



by things. 

[Claim 26]The actuator according to claim 1 which an-anges a counter electrode 
part in the central part, makes it spiral, arranges around a counter electrode part, 
and is characterized by centering a thin-film-ized elastic element on a counter 
electrode part. 

[Claim 27]The actuator according to claim 1 which makes spiral an elastic 
element and a counter electrode part which were thin-film-ized, respectively, 
arranges so that the center of both whorls may be common and a whorl of 
another side may meet a periphery of one whorl, and is characterized by things. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the lnvention]This invention relates to the actuator which comprised an 
elastic element expanded and contracted if voltage is impressed within 
electrolytic environment. 
[0002] 

[Description of the Prior Art]The elastic element which comprises the former with 
pi conjugate type polymer materials, such as poly aniline and polypyrrole. The 



power supply section for impressing voltage to this elastic element and a voltage 
impressing part, and the electrolyte for making it flow through current outside 
from an elastic element part are comprised, Making the amount of ion doping of 
an elastic element fluctuate by an oxidation-reduction reaction by impressing 
positive or electronegative potential to a voltage impressing part, and making an 
elastic element expand and contract is known. That is, if an elastic element will 
develop because the amount of ion doping of an elastic element increases if 
electropositive potential is impressed to a voltage impressing part, and 
electronegative potential is impressed to a voltage impressing part on the other 
hand, it will contract because the amount of ion doping of an elastic element 
decreases. 

[0003]When it is going to use elasticity of the above elastic elements as an 
actuator, and an elastic element contracts, can reveal the power as an actuator, 
but. When an elastic element was prolonged, power as an actuator could not be 
revealed enough, but there was a problem that it could not use as an actuator 
which reveals power to both elasticity. 

[0004] 

[Problem(s) to be Solved by the lnvention]This invention is made in view of the 



above-mentioned point, and let it be a technical problem to provide the actuator 
which can reveal the power as an actuator certainly with easy composition also 
at the time of extension. 

[0005] 

[Means for Solving the Problem]An actuator applied to this invention in order to 
solve an aforementioned problem, The elastic element 1 which comprises pi 
conjugate type polymer materials, such as poly aniline and polypyrrole. The 
power supply section 2 and the voltage impressing part 3 for impressing voltage 
to this elastic element 1 , In a mechanism which comprises the electrolyte 4 for 
making it flow through current outside from the elastic element 1 , the elastic 
element 1 will elongate if electropositive potential is impressed to the voltage 
impressing part 3, and the elastic element 1 will contract if electronegative 
potential is impressed to the voltage impressing part 3, Forming the bias 
mechanisms 5, such as a spring which generates power, in a stretching direction 
at the elastic element 1 at the time of extension, a change of positive potential 
and negative potential is variable, and the power supply section 2 which supplies 
potential to the voltage impressing part 3 controls the amount of elasticity of the 
elastic element 1 by absolute value of a pressure value, and polar change. By 



having such composition, if positive potential is impressed to the voltage 
impressing part 3, the amount of ion doping of the elastic element 1 increases, 
and the elastic element 1 tends to develop, but. Power of a direction which 
elongates the elastic element 1 according to the bias mechanisms 5, such as a 
spring, at this time occurs, and actuator force of a stretching direction in case 
this uses as an actuator can be revealed. When negative potential is impressed 
to the voltage impressing part 3 and the elastic element 1 contracts, the amount 
of ion doping of the elastic element 1 decreases, power of the bias mechanism 5 
is resisted, the elastic element 1 contracts, and actuator force of a contracting 
direction can be revealed. 

[0006]lt is prefen-ed to enclose the electrolyte 4 with space which installs the 
counter electrode part 7 in the voltage impressing part 3, the elastic element 1 , 
and its neighborhood, forms the covering sections 6, such as silicon, in an 
outermost periphery part, and is fonned between the counter electrode part 7 
and the elastic element 1 . External leakage of the electrolyte 4 can be prevented 
and a packed type actuator can consist of having such composition. 
[0007]lt is prefen-ed to install the counter electrode part 7 in the circumference of 
the elastic element 1 . Elasticity of the elastic element 1 will also be promoted by 



an electric field to the elastic element 1 becoming unifonn, an 
oxidation-reduction reaction being promoted, and an oxidation-reduction 
reaction being promoted in this way by having such composition. 
[0008]The counter electrode part 7 is installed in the voltage impressing part 3, 
the elastic element 1, and its neighborhood, and it is preferred that the counter 
electrode part 7 is the network structure. By having such composition, the 
counter electrode part 7 can follow in footsteps and carry out shape distortion to 
elasticity of the elastic element 1 with easy composition. 
[0009]lt is prefen-ed that the voltage impressing part 3 is installed in both ends of 
the elastic element 1 , and perfonns voltage impressing from the power supply 
section 2 from both ends of the elastic element 1 . By having such composition, 
electric charge grouting velocity becomes quick and an oxidation-reduction 
reaction of the elastic element 1 will also be promoted. 
[0010]lt is prefen-ed that a point of contact of the voltage impressing part 3 and 
the elastic element 1 is larger than electrical conductivity of the elastic element 1 . 
By having such composition, electric charge grouting velocity becomes quick 
and an oxidation-reduction reaction of the elastic element 1 will also be 
promoted. 



[0011]lt is preferred that install the counter electrode part 7 in the voltage 
impressing part 3, the elastic element 1, and its neighborhood, the bias 
mechanism 5 is carrying out the shape of a coil spring, and this bias mechanism 
5 serves as the counter electrode part 7. By having such composition, the bias 
mechanism 5 and the counter electrode part 7 can be made to serve a double 
purpose, and reduction of part mark can be perfonned. 
[0012]lt is preferred that the covering section 6 which covers an outermost 
periphery comprised an elastic body, and serves as the bias mechanism 5. By 
having such composition, the bias mechanism 5 can be made to use also [ cover 
body / 6 ], and reduction of part mark can be performed. 
[0013]lt is preferred to install the counter electrode part 7 in the central part, to 
make the thin-film-ized elastic element 1 into rolled fonn, and to arrange around 
the counter electrode part 7. Thus, surface area of the extension element 1 can 
be made to be able to raise by making the extension element 1 into rolled form, a 
degree of shrinkage can be raised, and an electric field can be uniformly 
impressed to the rolled form sun-ounding counter electrode part 7 by installing 
the counter electrode part 7 in the central part. 
[0014]A thing of the elastic element 1 which earned out rolled form for which the 



counter electrode part 7 is arranged so that a periphery may be sun-ounded 
further is preferred. By having such composition, electric field addition will be 
uniformly made to inside-and-outside both sides of the elastic element 1 which 
carried out rolled fonn. 

[0015]lt is preferred to arrange the elastic element 1 which carried out rolled 
form, and the two or more layers counter electrode part 7. By having such 
composition, tensile strength at the time of contraction can improve. 
[0016]lt is prefen-ed that an actuator which allocated in a diameter direction the 
elastic element 1 which carried out rolled form, and the counter electrode part 7 
is carrying out the shape of a tube. By having such composition, a tube provided 
with a function expanded and contracted radially can be provided. 
[0017]When positive voltage is impressed to the elastic element 1 so that one 
side may contract in while, when one pair of elastic element 1 is fonned and one 
side develops for the elastic element 1 of this couple, it is preferred to impress 
negative voltage to the elastic element 1 of another side. By having such 
composition, one actuator can realize a different motion called extension and 
contraction simultaneously. 
[0018]lt is prefen-ed to install the elastic element 1 in both sides of the elastic 



core material 8 of shape where a natural state curved. By having such 
composition, an actuator which carries out curve movement which spreads 
radially or narrows can be provided. When positive potential is impressed to one 
elastic element 1 and it elongates by impressing voltage between the two elastic 
elements 1, negative potential will be impressed to the elastic element 1 of 
another side, will contract, and an actuator carries out curving operation by this, 
but. In this case, the bias mechanism 5 for while to develop and for the elastic 
element 1 which another side contracts promote crookedness extension at the 
time of carrying out crookedness extension of the elastic element 1 will be 
constituted. Therefore, crookedness extension power as an actuator can be 
revealed, without needing the special bias mechanism 5 of a separate part. 
[0019]lt is prefen-ed to install the elastic element 1 in both outsides of the elastic 
core material 8 of the shape of direct [ of a center section ]. When positive 
potential is impressed to one elastic element 1 and it elongates by impressing 
voltage between the two elastic elements 1 by having such composition, 
negative potential will be impressed to the elastic element 1 of another side, it 
will contract, and, thereby, an actuator is crooked. In this case, the bias 
mechanism 5 for while to develop and for the elastic element 1 which another 



side contracts promote crookedness extension at the time of carrying out 
crool<edness extension of the elastic element 1 will be constituted, Therefore, 
crookedness extension power as an actuator can be revealed, without needing 
the bias mechanism 5 of a separate part. 
[0020]lt is prefen-ed to form at least two or more voltage impressing parts 3 along 
an expansion and contraction direction of the elastic element 1 , and to enable a 
change of a voltage impressing place. By having such composition, curvature at 
the time of crookedness is easily controllable by switching a voltage impressing 
place. 

[0021 ]lt is preferred to install the elastic element 1 via the insulating movement 
transmission part 9, to form the voltage impressing part 3 in the insulating 
movement transmission part 9 of each elastic element 1 and an end of an 
opposite hand, to impress reverse potential to the voltage impressing part 3 of 
each elastic element 1 , and to make the insulating movement transmission part 
9 go up and down. By impressing electropositive potential to one elastic element 
1 , and impressing electronegative potential to the elastic element 1 of another 
side by having such composition, one elastic element 1 develops, the elastic 
element 1 of another side contracts, and, thereby, the insulating movement 



transmission part 9 moves up and down. In this case, the bias mechanism 5 for 
while to develop and for the elastic element 1 which another side contracts 
promote extension at the time of the elastic element 1 developing will be 
constituted, Therefore, straight-line extension power as an actuator can be 
revealed, without needing the bias mechanism 5 of a separate part. 
[0022]lt is prefen-ed to allocate the elastic element 1 in both sides of the rigid 
core material 10 which the rigid core material 10 was combined by the link part 
1 1 , and was combined by this link part 1 1 . When positive potential is impressed 
to one elastic element 1 and it elongates by having such composition, negative 
potential will be impressed to the elastic element 1 of another side, and it will 
contract, and thereby, an actuator is crooked in link part 11 portion, and joint 
crookedness is performed. In this case, the bias mechanism 5 for while to 
develop and for the elastic element 1 which another side contracts promote 
crookedness extension at the time of carrying out crookedness extension of the 
elastic element 1 will be constituted. Therefore, crookedness extension power as 
an actuator can be revealed, without needing the bias mechanism 5 of a 
separate part. 
[0023]lt is prefen-ed to fonn the two or more elastic elements 1 , to form the 



change part 12 which switches impression of voltage to these two or more 
elastic elements 1 , and to generate an operation pattern of the elastic element 1 
by voltage switching. By having such composition, by changing various voltage 
impressing switching patterns to the two or more elastic elements 1 , will expand 
all the elastic elements 1 simultaneously, it will be made to contract, or 
combination of extension and contraction will be changed, and an actuator with 
high flexibility can be provided. 

[0024]lt is preferred to fonn the counter electrode part 7 in the central part, to 
install at least three or more elastic elements 1 in a peripheral part of the counter 
electrode part 7, and to switch impression of voltage to the three or more elastic 
elements 1. By having such composition, an actuator which can perform a 
three-dimensional flection action can be provided. In this case, crookedness 
extension power as an actuator can be revealed, without the elastic element 1 to 
contract constituting the bias mechanism 5 for promoting crookedness extension 
at the time of carrying out crookedness extension of the elastic element 1 to 
elongate, therefore needing the bias mechanism 5 of a separate part. 
[0025]lt is prefen-ed to form the counter electrode part 7 which served as the 
elastic element 1 to one side of the rigid core material 10 which the rigid core 



material 10 was combined by the linl< part 1 1 , and was combined by tliis Wnk part 
11, and served as the bias mechanisms 5, such as a spring, to the side of 
another side. By having such composition, an actuator is crool<ed in linl< part 11 
portion, and joint crool<edness is perfonned. Part mark are reducible by having 
made the bias mechanism 5 and the counter electrode part 7 as which it served 
serve a double purpose. 

[0026]lt is preferred to fonn the tension guide 13 for guiding an abbreviated 
center section of the elastic element 1 to the link part 1 1 . Larger crookedness 
can be performed in a small shrinkage amount in being guided by the tension 
guide 13 by having such composition, when the elastic element 1 contracts. 
[0027]Two or more elastic elements 1 which have the voltage impressing part 3 
are inserted in the counter electrode part 7 which carried out tubed, and ** 
between [ whose ] inner circumference of the counter electrode part 7 and 
outside surfaces of two or more elastic elements 1 which have the voltage 
impressing part 3 is the electrolyte 4 is preferred in an inside of the tubed 
counter electrode part 7. By having such composition, each elastic element 1 
can perform an expanding action, and can consider it as an actuator of large 
direct-acting of generative force as a whole. 



[0028]lt is preferred to arrange the counter electrode part 7 to the central part, to 
bend the thin-film-ized elastic element 1 in the shape of a rib, and to arrange to a 
peripheral part of the counter electrode part 7. By having such composition, also 
with an actuator of the same size, surface area of the elastic element 1 can be 
enlarged and generative force at the time of elasticity can be enlarged. An 
electric field can be unifonnly added to the surrounding elastic element 1 by 
installing the counter electrode part 7 in the central part. 
[0029]lt is preferred that the counter electrode part 7 an-anged to the central part 
is crooked in the shape of a rib. An oxidation-reduction reaction of polymer is 
promoted by being able to enlarge surface area of the elastic element 1 also with 
an actuator of the same size, and being able to enlarge generative force at the 
time of elasticity, and bending the counter electrode part 7 in the shape of a rib 
by having such composition, and elastic speed at the time of elasticity becomes 
quick. 

[0030]The counter electrode part 7 is an-anged in the central part, and a thing 
which centered the thin-film-ized elastic element 1 on the counter electrode part 
7 and which it is made spiral and arranged around a counterelectrode is 
preferred. By having such composition, also with an actuator of the same size. 



surface area of the elastic element 1 can be enlarged and generative force at the 
time of elasticity can be enlarged. 

[0031 ]The elastic element 1 and the counter electrode part 7 which were 
thin-film-ized are made spiral, respectively, and the center of both whorls is 
common, and it is prefen-ed to an-ange so that a whorl of another side may meet 
a periphery of one whorl. By having such composition, also with an actuator of 
the same size, surface area of the elastic element 1 can be enlarged and 
generative force at the time of elasticity can be enlarged. The center of both 
whorls is common, and by arranging so that a whorl of another side may meet a 
periphery of one whorl, an oxidation-reduction reaction of polymer is promoted 
and elastic speed at the time of elasticity becomes quick. 
[0032] 

[Embodiment of the lnvention]Hereafter, this invention is explained based on the 
embodiment shown in an accompanying drawing. 
[0033]The principle figure of the actuator of this invention is shown in drawing 1 . 
The elastic element 1 which the actuator of this invention comprised with pi 
conjugate type polymer materials, such as poly aniline and polypyrrole. The bias 
mechanisms 5, such as a spring which generates power, are established and 



constituted in a stretching direction at the time of the power supply section 2 for 
impressing voltage to this elastic element 1 and the voltage impressing part 3, 
the electrolyte 4 for making it flow through current outside from the elastic 
element 1 , and extension of the elastic element 1 . What has a certain amount of 
[ here / as the electrolyte 4 used for this invention ] molecular weight as negative 
ion, For example, H2SO4 and Na2S04 which produce SO42-, HCI which produces 
CI - , HPFe, HBF4 which produce F - , etc. can be used. 
[0034]And if the voltage of electropositive potential is impressed to the voltage 
impressing part 3, the amount of ion doping of an elastic element will increase by 
an oxidation-reduction reaction, and the elastic element 1 will develop. If the 
voltage of electronegative potential is conversely impressed to the voltage 
impressing part 3, the amount of ion doping of an elastic element will decrease, 
and the elastic element 1 will contract. 
[0035]Carry out a deer, and since the actuator of this invention has formed the 
bias mechanisms 5, such as a spring which generates power, in the stretching 
direction at the time of extension of the elastic element 1 , When the voltage of 
electropositive potential is impressed to the voltage impressing part 3 and the 
elastic element 1 develops like drawing 1 (b), the power of a stretching direction 



will act according to the bias mechanisms 5, such as a spring, and the actuator 
force at the time of extension can be revealed. Here, when the bias mechanism 
5 is a spring as an embodiment, the power in which a spring tries to return to 
natural length at the time of extension of the elastic element 1 occurs in a 
stretching direction. On the other hand, when the voltage of electronegative 
potential is impressed to the voltage impressing part 3 and the elastic element 1 
contracts like drawing 1 (c), the elastic element 1 contracts by the pull strength 
which resists the power of the stretching direction by the bias mechanisms 5, 
such as a spring, and the actuator force at the time of contraction is revealed. 
[0036] Explanation of the function of a bias mechanism is shown in drawing 2 . 
Namely, drawing 2 (a) shows the unloaded condition which is not impressing 
voltage to the voltage impressing part 3, and the bias mechanisms 5, such as a 
spring, are acting power in the direction which expands the elastic element 
1.The state where drawing 2 (b) impressed the voltage of electropositive 
potential to the voltage impressing part 3, and the elastic element 1 developed is 
shown, and the bias mechanisms 5, such as a spring, are acting power in the 
direction which expands the elastic element 1 . The state where drawing 2 (c) 
impressed the voltage of electronegative potential to the voltage impressing part 



3, and the elastic element 1 contracted was shown, the bias mechanisms 5, 
such as a spring, were resisted, and the elastic element 1 has revealed pull 
strength to the contracting direction. By this, the power to the stretching direction 
of the bias mechanism 5 is added at the time of extension of the elastic element 
1, the actuator force in a stretching direction is revealed, and pull strength is 
revealed at the time of contraction, and the time of extension and contraction 
can reveal actuator force. 

[0037] Drawing 3 (a) can change the absolute value of the amount of elasticity 
with the absolute value of the voltage impressed to the elastic element 1 so that 
clearly [ it may be a graph which shows the relation between voltage and the 
amount of elasticity and ] from this graph. Drawing 3 (b) is an explanatory view 
for explaining reversal of the expansion and contraction direction by polarity. The 
change of extension and contraction is what is realized by changing the polarity 
of the voltage impressed to the elastic element 1, The elastic element 1 
develops by impressing the voltage of electropositive potential to the voltage 
impressing part 3, the elastic element 1 contracts by impressing the voltage of 
electronegative potential to the voltage impressing part 3, and the actuator which 
can perform control of extension and contraction in easy control of changing the 



polarity of voltage can be provided. 

[0038]One embodiment of the actuator of this invention is shown in drawing 4 . 
The elastic element 1 which formed the voltage impressing part 3 in the end part 
is allocated in the tubed covering section 6 formed with the silicon etc. which 
have modification nature, Blockade the up-and-down opening of the tubed 
covering section 6 by the occlusion part 15, and the spring which constitutes the 
bias mechanism 5 which gives power in the direction which the outside of the 
elastic element 1 is made to elongate at the time of extension of the elastic 
element 1 further is allocated. The counter electrode part 7 is allocated up and 
down over the inside of the covering section 6, and the electrolyte 4 is enclosed 
with the space (that is, inside of the covering section 2) fonned between the 
counter electrode part 7 and the elastic element 1 . And the voltage impressing 
part 3 and the counter electrode part 7 are connected to the power supply 
section 2. 
[0039]lf a deer is carried out, the voltage of positive potential is impressed to the 
voltage impressing part 3 and electronegative potential is impressed to the 
counter electrode part 7, the elastic element 1 will develop (the power of a 
stretching direction is acted according to the bias mechanism 5 at this time, and 



the actuator force in a stretching direction is revealed). If the voltage of negative 
potential is impressed to the voltage impressing part 3 and electropositive 
potential is impressed to the counter electrode part 7, the pull strength which the 
elastic element 1 contracts and resists the power of the stretching direction by 
the bias mechanism 5 will be produced, and the actuator force in a contracting 
direction will be revealed. In this embodiment, the electrolyte 4 can be prevented 
from revealing outside with easy composition, and a packed type actuator can 
be constituted. 
[0040]Other embodiments of the actuator of this invention are shown in drawing 
5. Although the fundamental composition of this embodiment is the same as that 
of the embodiment shown in above-mentioned drawing 4 , the point which has 
arranged the counter electrode part 7 around the elastic element 1 differs from 
what is shown in drawing 4 . That is, in this embodiment, the covering section 6 
which carried out tubed is carrying out cylindrical shape, and the counter 
electrode part 7 which earned out cylindrical shape along the inner skin of the 
covering section 6 which carried out this cylindrical shape is allocated. Since the 
operation as an actuator in this embodiment is the same as that of the 
embodiment shown in above-mentioned drawing 4 , omit explanation, but. In this 



embodiment, since the counter electrode part 7 is installed in the circumference 
of the elastic element 1 , it is that the electric field to the elastic element 1 
becomes uniform, an oxidation-reduction reaction is promoted, and an 
oxidation-reduction reaction is promoted in this way, and elasticity of the elastic 
element 1 will also be promoted. 

[0041 ]The embodiment of further others of the actuator of this invention is shown 
in drawing 6 . In this embodiment, as the counter electrode part 7 shows drawing 
6_(c), it is only differing in that it has the elastic network stmcture, and other 
composition has the same composition as the embodiment shown in drawing 4 
or drawing 5 , and the explanation which overlaps since the operation as an 
actuator is also the same is omitted. Carry out a deer, are making the counter 
electrode part 7 into the network structure in this embodiment, when the actuator 
does not expand and contract, are in the state of drawing 6 (c), but. When an 
actuator contracts, the counter electrode part 7 of the network stmcture follows 
in footsteps and contracts like drawing 6 (d), and when an actuator develops, the 
counter electrode part 7 of the network stmcture follows in footsteps and 
develops like drawing 6 (e). Thus, the counter electrode part 7 can be installed in 
the voltage impressing part 3, the elastic element 1 , and its neighborhood, and 



shape distortion can be followed in footsteps and carried out to elasticity of the 
elastic element 1 by the counter electrode part 7 of easy composition by the 
counter electrode part 7 considering it as the network stmcture. Although the 
counterelectrode 7 of the network structure shows the example which is canying 
out cylindrical shape by drawing 6 , the counterelectrode 7 of the network 
structure may carry out the shape of a piece. 
[0042]The embodiment of further others of the actuator of this invention is shown 
in drawing 7 . In this embodiment, the voltage impressing part 3 is installed in the 
both ends of the elastic element 1 , performing voltage impressing from the 
power supply section 2 from the both ends of the elastic element 1 has the 
feature, and since other composition has the same composition as one which is 
shown in drawing 4 t hru/or drawing 6 of embodiments, explanation of 
composition of overlapping is omitted. The explanation which overlaps since the 
operation as an actuator also performs the same operation is omitted. Since a 
deer is can-ied out, the voltage impressing part 3 is installed in the both ends of 
the elastic element 1 in this embodiment and voltage impressing from the power 
supply section 2 is performed from the both ends of the elastic element 1 , 
electric charge grouting velocity becomes quick, the oxidation-reduction reaction 



of the elastic element 1 is also promoted, and the speed of elasticity of the 
elastic element 1 becomes quick. 

[0043]By the way, also in which embodiment shown in above-mentioned 
drawing 4 t hru/or drawing 7 , it is good for metal, such as large copper and silver, 
to constitute the point of contact 16 of the voltage impressing part 3 and the 
elastic element 1 from the electrical conductivity of the elastic element 1 (refer to 
drawing 8 ). By having such composition, electric charge grouting velocity 
becomes quick, the oxidation-reduction reaction of the elastic element 1 is also 
promoted, and the speed of elasticity of the elastic element 1 becomes quick. 
Since it is the same as that of each above-mentioned embodiment about 
composition and operation, the overlapping explanation is omitted. 
[0044]The embodiment of further others of this invention is shown in drawing 9 . 
In this embodiment, other composition except the counter electrode part 7 and 
the bias mechanism 5 is the same as the embodiment shown in either drawing 4 
thru/or drawing 8 . Therefore, since explanation of composition of that it is 
common in the embodiment shown in either drawing 4 t hru/or drawing 8 and 
explanation of the operation as an actuator overlap, they are omitted, and only 
different composition is explained. That is, in this embodiment, it is constituting 



the bias mechanism 5 with metal coil springs, and the feature of this 
embodiment is at the point of having made the counter electrode part 7 using 
also [ bias mechanism / 5 ]. Thereby, the bias mechanism 5 and the counter 
electrode part 7 can be made to serve a double purpose, and reduction of part 
mark can be performed. 

[0045]The embodiment of further others of this invention is shown in drawing 10 . 
In this embodiment, other composition except the covering section 6 and the 
bias mechanism 5 which cover an outermost periphery is the same as the 
embodiment shown in either drawing 4 t hru/or drawing 8 . Therefore, since 
explanation of composition of that it is common in the embodiment shown in 
either drawing 4 t hru/or drawing 8 and explanation of the operation as an 
actuator overlap, they are omitted, and only different composition is explained. 
That is, in this embodiment, the feature is at the point that the covering section 6 
which covers an outennost periphery comprised an elastic body like mbber, and 
served as the bias mechanism 5. Thereby, the covering section 6 and the bias 
mechanism 5 can be made to serve a double purpose, and reduction of part 
mark can be perfomied. Here, the function as the bias mechanism 5 to make a 
stretching direction generate power can be given to the covering section 6 at the 



time of extension of an elastic element by giving and installing the initial 
resistance which it is going to prolong in a stretching direction in elastic bodies, 
such as rubber which constitutes the bias mechanism 5. 
[0046]Next, the embodiment of further others of this invention is described 
based on drawing 1 1 . Although it is an example which has arranged the elastic 
element 1 to the central part in the embodiment shown in drawing 5 t hru/or 
drawing 8 , and has arranged the counterelectrode 7 around the elastic element 
1 , The embodiment and composition which the point which made rolled form the 
elastic element 1 which installed and thin-film-ized the counter electrode part 7 
to the central part in the embodiment shown in drawing 11 , and has been 
arranged around the counter electrode part 7 shows to drawing 5 t hru/or drawing 
8_differ from each other. Other composition is the same as that of the 
embodiment shown in either drawing 5 thru/or drawing 8 , and since the 
operation as an actuator is also common, explanation of common composition 
and operation is omitted. By making into rolled fonn the elastic element 1 which 
carried out the deer and was thin-film-ized, and arranging around the counter 
electrode part 7, also with the actuator of the same size, the cross-section area 
of the elastic element 1 can be enlarged, and generative force at the time of 



elasticity can be enlarged. An electric field can be unifonnly impressed to the 
surrounding elastic element 1 by installing the counter electrode part 7 in the 
central part. 
[0047]Next, the embodiment of further others of this invention is described 
based on drawing 12 . In this embodiment, in the embodiment shown in 
above-mentioned drawing 1 1 , additional installation of the counter electrode part 
7 is further carried out so that the periphery of the elastic element 1 installed in 
rolled form may be surrounded, and since it is the same as that of the 
embodiment shown in drawing 1 1 , other composition and operation are omitted. 
In this embodiment, the voltage impressing to the elastic element 1 serves as 
rear surface homogeneity, the oxidation-reduction reaction of the elastic element 
1 will be promoted, and elasticity of the elastic element 1 will be promoted as a 
result. 

[0048]Next, the embodiment of further others of this invention is described 
based on drawing 13 . In this embodiment, in the embodiment shown in 
above-mentioned drawing 12 , the elastic element 1 and the counter electrode 
part 7 of two or more layers which were installed in rolled form are arranged, and 
since it is the same as that of the embodiment shown in drawing 12 , other 



composition and operation are omitted. In this embodiment, since elastic 
promotion of the elastic element 1 of all the layers is carried out and the 
cross-section area of the elastic element 1 increases, the generative force of an 
expansion and contraction direction will rise. 

[0049]Next, the embodiment of further others of this invention is described 
based on drawing 14 . In this embodiment, the actuator which allocated in the 
diameter direction the elastic element 1 which carried out rolled form, and the 
counter electrode part 7 is carrying out the shape of a tube. That is, in drawing 
14, the covering section 6 which has the elasticity which earned out rolled fonn 
constitutes the tube-like the inner skin part and outer peripheral surface part of 
the actuator. The counter electrode part 7 which earned out the elastic element 1 
which earned out rolled form which fonned the voltage impressing part 3 
between the covering sections 6 of both the inside-and-outside periphery, and 
rolled fomi is allocated, and between the upper-and-lower-ends parts between 
the covering sections 6 of both the inside-and-outside periphery is blockaded, 
and the electrolyte 4 is enclosed between the covering sections 6 of an 
inside-and-outside periphery. And if the voltage of positive potential is impressed 
to the voltage impressing part 3 and electronegative potential is impressed to the 



counter electrode part 7 in this embodiment, The rolled form elastic element 1 
develops radially, and if the voltage of negative potential is impressed to the 
voltage impressing part 3 and electropositive potential is conversely impressed 
to the counter electrode part 7, the rolled fonn elastic element 1 will contract 
radially. Here, although the graphic display is omitted in this embodiment, bias 
mechanisms, such as a spring which generates power, are provided in the 
stretching direction at the time of the extension to the radial direction of the 
elastic element 1 , and actuator force can be radially revealed at the time of 
extension. Thus, it is a thing which makes a tube-like actuator expand and 
contract radially and which can be used as pressure massages, such as a finger 
and an arm, a sphygmomanometer, etc., for example since it can do. 
[0050]Next, the principle figure of other embodiments of this invention is shown 
in drawing 15 . Namely, one pair of elastic element 1 which formed the voltage 
impressing part 3 in this embodiment is formed. The electrolyte 4 is enclosed 
among both the elastic elements 1 , and both the voltage impressing part 3 is 
connected to the power supply section 2, respectively so that negative potential 
may be impressed to the voltage impressing part 3 of another side, when the 
voltage of positive potential is impressed to the voltage impressing part 3 of one 



elastic element 1. And the voltage of positive potential is impressed to the 
voltage impressing part 3 of above-mentioned one elastic element 1 , When the 
voltage of negative potential is impressed to the voltage impressing part 3 of the 
elastic element 1 of another side, one elastic element 1 will develop, the elastic 
element 1 of another side will contract, and one actuator can realize a different 
motion called extension and contraction simultaneously. 
[0051 ]One embodiment adapting this principle is shown in drawing 16 . The 
elastic element 1 which curved at the arc on both sides of the elastic core 
material 8 which carried out shape where the natural state curved to the arc, in 
this embodiment is arranged. The voltage impressing part 3 is formed in this 
elastic element 1 , the peripheral part of an actuator is covered with the covering 
section 6, the both ends of the actuator which carried out the arc are further 
blockaded by the occlusion part 15, and the electrolyte 4 is enclosed with an 
inside. Carry out a deer and the voltage of positive potential is impressed to the 
voltage impressing part 3 of one elastic element 1 , When the voltage of negative 
potential is impressed to the voltage impressing part 3 of the elastic element 1 of 
another side, the elastic element 1 which carried out one arc develops. The 
elastic element 1 which carried out the arc of another side will contract, if 



potential of the voltage to impress is made reverse, operation contrary to the 
above will be carried out, and the actuator which carried out the arc by this 
carries out curving operation which spreads radially or is contracted (it operates 
to the arrow direction of drawing 16 ). As mentioned above, when positive 
potential is impressed to one elastic element 1 and it elongates by impressing 
voltage between the two elastic elements 1 , negative potential will be impressed 
to the elastic element 1 of another side, will contract, and an actuator carries out 
curving operation by this, but. In this case, the bias mechanism 5 for while to 
develop and for the elastic element 1 which another side contracts promote the 
crookedness extension at the time of carrying out crookedness extension of the 
elastic element 1 will be constituted. Therefore, the crookedness extension 
power as an actuator can be revealed, without needing the special bias 
mechanism 5 of a separate part. 

[0052]Other embodiments adapting the principle of what is shown in drawing 15 
are shown in drawing 17 . That is, the elastic element 1 which fornied the voltage 
impressing part 3 in the upper bed part is installed in the both outsides of the 
elastic core material 8 of the shape of direct [ of a center section ], a periphery is 
covered with the covering section 6, an upper bed part opening is blockaded by 



the occlusion part 15, the electrolyte 4 is enclosed with an inside, and an 
actuator is constituted. Carry out a deer and the voltage of positive potential is 
impressed to the voltage impressing part 3 of one elastic element 1 , When the 
voltage of negative potential is impressed to the voltage impressing part 3 of the 
elastic element 1 of another side, one elastic element 1 develops. The elastic 
element 1 which carried out the arc of another side will contract, if potential of 
the voltage to impress is made reverse, operation contrary to the above will be 
carried out, and it is crooked so that an actuator may cany out head for the first 
time in movement to right and left like the an-ow of drawing 17 by this. By as 
mentioned above, the thing for which the elastic element 1 which formed the 
voltage impressing part 3 in the upper bed part is installed in the both outsides of 
the elastic core material 8 of the shape of direct [ of a center section ], and 
voltage is impressed between the two elastic elements 1. When positive 
potential is impressed to one elastic element 1 and it elongates, negative 
potential will be impressed to the elastic element 1 of another side, it will contract, 
and, thereby, an actuator is crooked. In this case, the bias mechanism 5 for 
while to develop and for the elastic element 1 which another side contracts 
promote the crookedness extension at the time of carrying out crookedness 



extension of the elastic element 1 will be constituted, Therefore, the 
crookedness extension power as an actuator can be revealed, without needing 
the bias mechanism 5 of a separate part. 
[0053]Other embodiments are shown furthermore it applied the principle of what 
is shown in drawing 15 to drawing 18 . That is, this embodiment shown in 
drawing 18 f omis at least two or more voltage impressing parts 3 along the 
expansion and contraction direction of the elastic element 1 in the embodiment 
shown in drawing 17 . Fundamental operation of the actuator of this embodiment 
is crooked so that it may be the same as what is shown in drawing 17 and an 
actuator may cany out head for the first time in movement to right and left. And a 
voltage impressing place is switched by choosing one of these switches 
connected to the voltage impressing part 3 which has formed the switch 20 in the 
parallel circuit unit which connects each voltage impressing part 3 and the power 
supply section 2, respectively, and were provided along the expansion and 
contraction direction, and an OFF change. Since the amount of elasticity of the 
elastic element 1 changes with voltage impressing places, the flexion rate of an 
actuator can be controlled as a result. 
[0054]Other embodiments of this invention are shown in drawing 19 . The elastic 



element 1 is installed via the insulating movement transmission part 9, the 
voltage impressing part 3 is fonned in the insulating movement transmission part 
9 of each elastic element 1, and the end of an opposite hand, a periphery is 
covered with the covering section 6, a top-and-bottom-ends opening is 
blockaded by the occlusion part 15, the electrolyte 4 is enclosed with an inside, 
and the actuator consists of these embodiments. It is canying out a deer, 
impressing electropositive potential to one elastic element 1 in this embodiment, 
and impressing electronegative potential to the elastic element 1 of another side, 
and one elastic element 1 develops, the elastic element 1 of another side 
contracts, and, thereby, the insulating movement transmission part 9 moves up 
and down. In this case, the bias mechanism 5 for while to develop and for the 
elastic element 1 which another side contracts promote the extension at the time 
of the elastic element 1 developing will be constituted. Therefore, the 
straight-line extension power as an actuator can be revealed, without needing 
the bias mechanism 5 of a separate part. 
[0055]Other embodiments of this invention are shown in drawing 20 . In this 
embodiment, the up-and-down rigid core material 10 is combined by the link part 
1 1 , The elastic element 1 which formed the voltage impressing part 3 in the both 



sides of the rigid core material 10 combined by this Wnk part 11, respectively is 
allocated, a periphery is covered with the covering section 6, a 
top-and-bottom-ends opening is blockaded by the occlusion part 15, the 
electrolyte 4 is enclosed with an inside, and the actuator is constituted. A deer is 
carried out, when positive potential is impressed to one elastic element 1 and it 
elongates in this embodiment, negative potential will be impressed to the elastic 
element 1 of another side, and it will contract, and thereby, an actuator is 
crooked in link part 11 portion, and joint crookedness is performed. In this case, 
the bias mechanism 5 for while to develop and for the elastic element 1 which 
another side contracts promote the crookedness extension at the time of 
carrying out crookedness extension of the elastic element 1 will be constituted. 
Therefore, the crookedness extension power as an actuator can be revealed, 
without needing the bias mechanism 5 of a separate part. Thus, the actuator 
which carries out a joint movement in this embodiment can be provided. 
[0056]Next, the principle figure of the embodiment of further others of this 
invention is shown in drawing 21 . That is, in this embodiment, the two or more 
elastic elements 1 are fomied, the change part 12 which switches impression of 
the voltage to these two or more elastic elements 1 is formed, and voltage 



switching generates tfie operation pattern of the elastic element 1 . That is, the 
switch 20 is formed in the circuit part which connects each elastic element 1 and 
the power supply section 2, respectively, and the change part 12 which consists 
of these switches is constituted. By and the thing for which impression of the 
voltage to the two or more above-mentioned elastic elements 1 is switched in the 
change part 12. Can change various voltage impressing switching patterns to 
the two or more elastic elements 1, and expand all the elastic elements 1 
simultaneously, make it contract, or. or - expanding only the arbitrary elastic 
elements 1 or making it contract **** - as - the combination of extension and 
contraction is changed and a small actuator with high flexibility can be provided. 
[0057]Next, the embodiment of further others of this invention is shown in 
drawing 22 . In this embodiment, the counter electrode part 7 is formed in the 
central part, and at least three or more elastic elements 1 are installed in the 
peripheral part of the counter electrode part 7. **** allocates two or more elastic 
elements 1 in drawing 22 annularly, and the insulator 25 is allocated between 
the adjoining elastic elements 1 . A periphery is covered with the covering section 
6 also in this embodiment, and the electrolyte 4 is enclosed with the inside. 
Although the graphic display is omitted, a top-and-bottom-ends opening is 



blockaded by an occlusion part, and the voltage impressing part 3 is formed in 
the elastic element 1. And the switch 20 is fonned in the parallel circuit unit 
which connects each elastic element 1 and the power supply section 2, 
respectively, and the change part 12 is constituted. Contract the whole to the Z 
direction in drawing 22 by considering it as same electric potential by carrying 
out a deer and changing the voltage application pattern to the three or more 
elastic elements 1 , or. Or the actuator which can perfonn the three-dimensional 
flection action of X, Y, and theta (twist angle [ as opposed to X and Y in theta ]) 
can be provided by making a part into positive potential and making other parts 
into negative potential among the three or more elastic elements 1. In this case, 
the crookedness extension power as an actuator can be revealed, without the 
elastic element 1 to contract constituting the bias mechanism 5 for promoting the 
crookedness extension at the time of carrying out crookedness extension of the 
elastic element 1 to elongate, therefore needing the bias mechanism 5 of a 
separate part. 
[0058]Next, based on drawing 23 , it explains per embodiment of further others of 
this invention. In this embodiment, the counter electrode part 7 which served the 
elastic element 1 which formed the voltage impressing part 3 in one side of the 



rigid core material 10 where it was combined by tfie linl< part 11 and the rigid 
core material 10 was combined by this link part 11 as the bias mechanisms 5, 
such as a spring, to the side of another side is formed. The bias mechanism 5 
which makes the counter electrode part 7 serve a double purpose by metal 
extension springs consists of embodiments of drawing 23 . A periphery is 
covered with the covering section 6, a top-and-bottom-ends opening is 
blockaded by the occlusion part 15, the electrolyte 4 is enclosed with an inside, 
and the actuator is constituted. When the voltage of positive potential is 
impressed to the voltage impressing part 3 and the voltage of negative potential 
is impressed to the counter electrode part 7 in this thing, the elastic element 1 
develops and are crooked in the counter electrode part 7 side focusing on the 
link part 1 1 , but. Since the extension spring constitutes the bias mechanism 5 
which makes the counter electrode part 7 serve a double purpose at this time, 
the power crooked in the counter electrode part 7 side focusing on the link part 
11 in the rigid body core material 10 will act, and the power of the stretching 
direction of the elastic element 1 will be given. On the other hand, when the 
voltage of negative potential is impressed to the voltage impressing part 3 and 
the voltage of positive potential is impressed to the counter electrode part 7, the 



spring power which constitutes the above-mentioned bias mechanism 5 is 
resisted, the elastic element 1 contracts, and the rigid body core material 10 is 
crooked in the counter electrode part 7 and an opposite hand focusing on the 
link part 1 1 . Thus, an actuator is crooked by a joint movement in the counter 
electrode part 7 and elastic element 1 side focusing on the ring part 11. In this 
embodiment, part mark are reducible by having made the bias mechanism 5 and 
the counter electrode part 7 as which it served serve a double purpose. 
[0059]Here, the tension guide 13 for guiding the abbreviated center section of 
the elastic element 1 to the thing of the embodiment of drawing 23 f urther, as 
shown in drawing 24 may be formed in the link part 1 1 . Thus, by forming the 
tension guide 1 3 for guiding the abbreviated center section of the elastic element 
1 to the link part 1 1 , when the elastic element 1 contracts, it will be guided by the 
tension guide 13, and larger crookedness can be performed with a small 
shrinkage amount. 
[0060]Next, based on drawing 25 , it explains per other embodiments of this 
invention. In this embodiment, two or more elastic elements 1 which have the 
voltage impressing part 3 are inserted in the counter electrode part 7 which 
carried out tubed, and it is filled up with the electrolyte 4 in the inside of the tubed 



counter electrode part 7 between the inner circumference of tine counter 
electrode part 7, and the outside surface of two or more elastic elements 1 which 
have the voltage impressing part 3. Here, the elastic element 1 is carrying out 
rod form or tubed, has the voltage impressing part 3 in the end part, and is 
inserting it in the counter electrode part 7 which made this the bunch and carried 
out tubed. Although drawing 25 is a schematic diagram and the graphic display 
of bias mechanisms, such as a spring, is omitted, A bias mechanism may be 
established to the elastic element 1 which may establish a bias mechanism like 
each above-mentioned embodiment, and could establish bias mechanisms, 
such as a spring, for every elastic element in this case, or became a bunch. 
[0061 ]And although the elastic element 1 contracts because the elastic element 
1 develops by impressing electropositive potential to the voltage impressing part 
3, and impressing the voltage of electronegative potential to the counter 
electrode part 7 in this embodiment, and impress electronegative potential to the 
voltage impressing part 3 and it impresses the voltage of electropositive 
potential to the counter electrode part 7, Each elastic element 1 performs an 
expanding action, the cross-section area and surface area of an elastic element 
increase, and it can be considered as the actuator of direct-acting of big 



generative force. 
[0062]Next, based on drawing 26 , it explains per otiier embodiments of tliis 
invention. In this embodiment, it has composition which bent the elastic element 
1 which arranges and thin-film-ized the counter electrode part 7 to the central 
part in the shape of a rib, and has been arranged to the peripheral part of the 
counter electrode part 7. Although the elastic element 1 contracts because the 
elastic element 1 develops by impressing electropositive potential to the voltage 
impressing part 3, and impressing the voltage of electronegative potential to the 
counter electrode part 7 also in this embodiment, and impress electronegative 
potential to the voltage impressing part 3 and it impresses the voltage of 
electropositive potential to the counter electrode part 7, By an-anging the counter 
electrode part 7 to the central part, bending the thin-film-ized elastic element 1 in 
the shape of a rib, and arranging to the peripheral part of the counter electrode 
part 7, also with the actuator of the same size, surface area of the elastic 
element 1 can be enlarged and generative force at the time of elasticity can be 
enlarged. An electric field can be unifonnly added to the surrounding elastic 
element 1 by installing the counterelectrode 7 in the central part. 
[0063]Next, based on drawing 27 , it explains per embodiment of further others of 



this invention. In this embodiment, in the embodiment of above-mentioned 
drawing 26 , further, the counter electrode part 7 an-anged to the central part is 
crooked in the shape of a rib, as shown in drawing 27 . Also in this embodiment, 
the elastic element 1 contracts because the elastic element 1 develops by 
impressing electropositive potential to the voltage impressing part 3, and 
impressing the voltage of electronegative potential to the counter electrode part 
7, and impress electronegative potential to the voltage impressing part 3 and it 
impresses the voltage of electropositive potential to the counter electrode part 7. 
And it adds to the ability of generative force at the time of elasticity for surface 
area of the elastic element 1 to be enlarged and to be enlarged with the actuator 
of the same size as well as the embodiment of drawing 26 , also in this 
embodiment. The oxidation-reduction reaction of polymer (pi conjugate type 
polymer materials which constitute the elastic element 1 , such as poly aniline 
and polypyn-ole) is promoted again by bending the counter electrode part 7 in 
the shape of a rib, and the elastic speed at the time of elasticity becomes quick. 
[0064]Next, based on drawing 28 , it explains per embodiment of further others of 
this invention. In this embodiment, it has composition of the elastic element 1 
which arranges and thin-film-ized the counter electrode part 7 to the central part 



which was made spiral and has been aranged around a counterelectrode 
centering on the counter electrode part 7. Although the elastic element 1 
contracts because the elastic element 1 develops by impressing electropositive 
potential to the voltage impressing part 3, and impressing the voltage of 
electronegative potential to the counter electrode part 7, and impress 
electronegative potential to the voltage impressing part 3 and it impresses the 
voltage of electropositive potential to the counter electrode part 7 also in this 
embodiment, By the thing which centered the thin-film-ized elastic element 1 on 
the counter electrode part 7 and which it is made spiral and arranged around a 
counterelectrode, also with the actuator of the same size, surface area of the 
elastic element 1 can be enlarged and generative force at the time of elasticity 
can be enlarged. 

[0065]Next, based on drawing 29 , it explains per embodiment of further others of 
this invention. In this embodiment, the elastic element 1 and the counter 
electrode part 7 which were thin-film-ized are made spiral, respectively, and the 
center of both whorls is common and it has composition arranged so that the 
whorl of another side may meet the periphery of one whorl. Although the elastic 
element 1 contracts because the elastic element 1 develops by impressing 



electropositive potential to the voltage impressing part 3, and impressing the 
voltage of electronegative potential to the counter electrode part 7, and impress 
electronegative potential to the voltage impressing part 3 and it impresses the 
voltage of electropositive potential to the counter electrode part 7 also in this 
embodiment, By thin-film-izing the elastic element 1 , also with the actuator of the 
same size, surface area of the elastic element 1 can be enlarged and generative 
force at the time of elasticity can be enlarged. The center of both whorls is 
common, and by arranging so that the whorl of another side may meet the 
periphery of one whorl, the oxidation-reduction reaction of polymer is promoted 
and the elastic speed at the time of elasticity becomes quick. 
[0066] 

[Effect of the lnvention]The elastic element which comprises pi conjugate type 
polymer materials, such as poly aniline and polypyn-ole, if it is in 
above-mentioned this invention according to claim 1 , The power supply section 
for impressing voltage to this elastic element and a voltage impressing part, and 
the electrolyte for making it flow through current outside from an elastic element 
are comprised. In the mechanism which an elastic element will elongate if 
electropositive potential is impressed to a voltage impressing part, and an elastic 



element will contract if electronegative potential is impressed to a voltage 
impressing part, Bias mechanisms, such as a spring which generates power, are 
provided in a stretching direction at the time of extension of an elastic element. 
The change of positive potential and negative potential is variable, since the 
power supply section which supplies potential to a voltage impressing part 
controls the amount of elasticity of an elastic element by the absolute value of a 
pressure value, and polar change, if positive potential is impressed to a voltage 
impressing part, the amount of ion doping of an elastic element increases, and 
an elastic element tends to elongate it, but. The power of the direction which 
elongates an elastic element according to bias mechanisms, such as a spring, at 
this time occurs. The actuator force of a stretching direction in case this uses as 
an actuator can be revealed. When negative potential is impressed to a voltage 
impressing part and an elastic element contracts, the amount of ion doping of an 
elastic element decreases, resist the power of a bias mechanism, and an elastic 
element contracts, and can reveal the actuator force of a contracting direction, 
and This result. The actuator which can carry out operation of both extension 
and contraction can be provided with easy composition. 
[0067]lf it is in the invention according to claim 2, it adds to an effect of the 



invention given in above-mentioned claim 1 , Since tfie electrolyte is enclosed 
with the space which installs a counter electrode part in a voltage impressing 
part, an elastic element, and its neighborhood, fonns covering sections, such as 
silicon, in an outemriost periphery part, and is formed between a counter 
electrode part and an elastic element. Electrolytic external leakage is prevented 
and a packed type actuator can be provided with easy composition. 
[0068]Since the counter electrode part is installed in the circumference of an 
elastic element in addition to above-mentioned claim 1 or the effect of the 
invention according to claim 2 if it is in the invention according to claim 3, 
Elasticity of an elastic element is also promoted by the electric field to an elastic 
element becoming unifonn, an oxidation-reduction reaction being promoted, and 
an oxidation-reduction reaction being promoted in this way. 
[0069]lf it is in the invention according to claim 4, in addition to an effect of the 
invention given in either above-mentioned claim 1 thm/or claim 3, install a 
counter electrode part in a voltage impressing part, an elastic element, and its 
neighborhood, and since the counter electrode part is the network stmcture. The 
actuator which the shape change which the counterelectrode followed in 
footsteps of elasticity of an elastic element, and answered elasticity of the elastic 



element as a result tends to obtain can be provided. 
[0070]Since in addition to an effect of the invention given in above-mentioned 
claim 1 a voltage impressing part is installed in the both ends of an elastic 
element and perfonns voltage impressing from a power supply section from the 
both ends of an elastic element if it is in the invention according to claim 5, 
electric charge grouting velocity becomes quick and the oxidation-reduction 
reaction of an elastic element is also promoted. 
[0071]ln addition to an effect of the invention given in above-mentioned claim 1, 
if it is in the invention according to claim 6, since the point of contact of a voltage 
impressing part and an elastic element is larger than the electrical conductivity of 
an elastic element, electric charge grouting velocity becomes quick and the 
oxidation-reduction reaction of an elastic element is also promoted. 
[0072]lf it is in the invention according to claim 7, it adds to either 
above-mentioned claim 1 thm/or claim 3 at a written effect of the invention, 
Since a counter electrode part is installed in a voltage impressing part, an elastic 
element, and its neighborhood, the bias mechanism is carrying out the shape of 
a coil spring and this bias mechanism serves as the counter electrode part, a 
bias mechanism and a counter electrode part are made to serve a double 



purpose, and an actuator with few part mark can be provided. 
[0073]Since in addition to the effect of the invention given in above-mentioned 
claim 1 the covering section which covers an outermost periphery comprised an 
elastic body and serves as the bias mechanism if it is in the invention according 
to claim 8, a cover body makes a bias mechanism serve a double purpose, and 
can provide an actuator with few part mark. 
[0074]Since the elastic element which installed and thin-film-ized the counter 
electrode part to the central part is made into rolled fonn in addition to an effect 
of the invention given in above-mentioned claim 1 and it an-anges around the 
counter electrode part if it is in the invention according to claim 9, The surface 
area of an extension element can be made to be able to raise, a degree of 
shrinkage can be raised, and an electric field can be uniformly added to the 
rolled form surrounding counter electrode part by installing a counter electrode 
part in the central part. 

[0075]moreover ~ if it is in the invention according to claim 10 ~ an effect of the 
invention given in above-mentioned claim 9 ~ in addition, the elastic element 
which can-ied out rolled form, since a counter electrode part is arranged so that a 
periphery may be surrounded further, A unifomi electric field can be impressed 



to inside-and-outside both sides of the elastic element which carried out rolled 
form, the oxidation-reduction reaction of an elastic element is promoted, and 
elasticity of an elastic element can be promoted as a result. 
[0076]moreover - if it is in the invention according to claim 11 - an effect of the 
invention given in above-mentioned claim 10 ~ in addition, since the elastic 
element and counter electrode part of two or more layers which carried out rolled 
form are arranged, the pull strength at the time of contraction can be improved. 
[0077]Since the actuator which allocated in the diameter direction the elastic 
element which carried out rolled form, and the counter electrode part is carrying 
out the shape of a tube in addition to above-mentioned claim 1 or the effect of 
the invention according to claim 4 if it is in the invention according to claim 12, 
The actuator of the shape of a tube expanded and contracted radially can be 
provided. 

[0078]lf it is in the invention according to claim 13, it adds to an effect of the 
invention given in above-mentioned claim 1 , Since negative voltage is impressed 
to the elastic element of another side when positive voltage is impressed to an 
elastic element so that one side may contract in while, when one pair of elastic 
element is provided and one side develops for the elastic element of this couple. 



The actuator which can carry out simultaneous realization of the motion in which 
extension and contraction are different can be provided. 
[0079]Since a natural state installs an elastic element in the both sides of the 
elastic core material used as curved shape in addition to above-mentioned claim 
1 or the effect of the invention according to claim 13 if it is in the invention 
according to claim 14, curve movement which the curved actuator spreads 
radially or narrows is realizable. When positive potential is impressed to one 
elastic element and it elongates by impressing voltage between two elastic 
elements, negative potential will be impressed to the elastic element of another 
side, will contract, and an actuator cames out curving operation by this, but. In 
this case, a bias mechanism for while to develop and for the elastic element 
which another side contracts promote the crookedness extension at the time of 
carrying out crookedness extension of the elastic element 1 will be constituted. 
Therefore, the crookedness extension power as an actuator can be revealed, 
without needing the special bias mechanism of a separate part. 
[0080]Since an elastic element is installed in the both outsides of the elastic core 
material of the shape of direct [ of a center section ] in addition to 
above-mentioned claim 1 or the effect of the invention according to claim 13 if it 



is in the invention according to claim 15, an actuator with crool<edness flexibility 
straight in a longitudinal direction can be provided. 
[0081]Since in addition to the effect of the invention given in above-mentioned 
claim 15 at least two or more voltage impressing parts are provided along the 
expansion and contraction direction of an elastic element and the change of a 
voltage impressing place is enabled if it is in the invention according to claim 16, 
The actuator which can control change of a flexion rate by easy composition can 
be provided. 
[0082]lf it is in the invention according to claim 17, it adds to above-mentioned 
claim 1 or the effect of the invention according to claim 13, Since install an 
elastic element via an insulating movement transmission part, a voltage 
impressing part is provided in the insulating movement transmission part of each 
elastic element, and the end of an opposite hand, reverse potential is impressed 
to the voltage impressing part of each elastic element and an insulating 
movement transmission part is made to go up and down. An insulating 
movement transmission part can provide the actuator which carries out vertical 
movement with easy composition. The crookedness extension power as an 
actuator can be revealed without the elastic element which another side 



contracts constituting the bias mechanism for while developing and promoting 
the extension at the time of an elastic element developing, therefore needing the 
bias mechanism of a separate part. 

[0083]Since the rigid core material has allocated the elastic element in the both 
sides of the rigid core material which was combined by the link part and 
combined by this link part in addition to above-mentioned claim 1 or the effect of 
the invention according to claim 13 if it is in the invention according to claim 18, 
A joint movement is earned out and a straight actuator can be provided. The 
crookedness extension power as an actuator can be revealed without the elastic 
element which another side contracts constituting the bias mechanism for while 
developing and promoting the crookedness extension at the time of carrying out 
crookedness extension of an elastic element, therefore needing the bias 
mechanism of a separate part. 

[0084]lf it is in the invention according to claim 19, it adds to an effect of the 
invention given in above-mentioned claim 1 , Since two or more elastic elements 
are provided, the change part which switches impression of the voltage to these 
two or more elastic elements is provided and voltage switching generates the 
operation pattern of an elastic element. By changing various voltage impressing 



switching patterns to two or more elastic elements, all the elastic elements can 
be expanded simultaneously, it can be made to be able to contract, or 
combination of extension and contraction is changed, and an actuator with high 
flexibility can be provided. 

[0085]lf it is in the invention according to claim 20, it adds to an effect of the 
invention given in above-mentioned claim 1 , Since a counter electrode part is 
provided in the central part, at least three or more elastic elements are installed 
in the peripheral part of a counter electrode part and impression of the voltage to 
three or more elastic elements is switched, the actuator which can perform a 
three-dimensional flection action can be provided. The crookedness extension 
power as an actuator can be revealed without the elastic element to contract 
constituting the bias mechanism for promoting the crookedness extension at the 
time of canying out crookedness extension of the elastic element to elongate, 
therefore needing the bias mechanism of a separate part. 
[0086]lf it is in the invention according to claim 21 , it adds to an effect of the 
invention given in above-mentioned claim 1 , since the counter electrode part 
which served as the elastic element to one side of the rigid core material where it 
was combined by the link part and the rigid core material was combined by this 



link part, and served as bias mechanisms, such as a spring, to the side of 
another side is provided, it is crool<ed in a linl< part portion and the actuator with 
which joint crool<edness is performed can be provided - it comes out. Part marl< 
are reducible by having made the bias mechanism and the counter electrode 
part as which it served serve a double purpose. 
[0087]Since the tension guide for guiding the abbreviated center section of the 
elastic element to a link part is provided in addition to the effect of the invention 
given in above-mentioned claim 21 if it is in the invention according to claim 22, 
In being guided by the tension guide when an elastic element contracts, the 
actuator which can perfonn larger crookedness in a small shrinkage amount can 
be provided. 
[0088]lf it is in the invention according to claim 23, it adds to an effect of the 
invention given in above-mentioned claim 1 , Insert two or more elastic elements 
which have a voltage impressing part in the counter electrode part which carried 
out tubed, and since between the inner circumference of a counter electrode part 
and the outside surfaces of two or more elastic elements which have a voltage 
impressing part is an electrolyte in the inside of a tubed counter electrode part. 
Each elastic element can perform an expanding action and can consider it as the 



actuator of large direct-acting of generative force as a whole. 
[0089]Since the elastic element which an-anges and thin-film-ized the counter 
electrode part to the central part is bent in the shape of a rib in addition to the 
effect of the invention of an invention given in above-mentioned claim 1 and it 
arranges to the peripheral part of a counter electrode part if it is in the invention 
according to claim 24, An electric field can be unifonnly added to the 
surrounding elastic element by the surface area of an elastic element increasing 
by a rib, and, being able to enlarge generative force at the time of elasticity also 
with the actuator of the same size as a result, and installing a counter electrode 
part in the central part. 

[0090]lf it is in the invention according to claim 25, since it is crooked in the 
shape of a rib, the counter electrode part which has been arranged to the central 
part in addition to an effect of the invention given in above-mentioned claim 24, 
The surface area of an elastic element increases by a rib, and, as a result, 
generative force at the time of elasticity can be enlarged also with the actuator of 
the same size. The oxidation-reduction reaction of polymer is promoted by 
bending a counter electrode part in the shape of a rib, the elastic speed at the 
time of elasticity becomes quick, and, as a result, the generative force at the time 



of elasticity can provide a large actuator with a quick elastic speed at the time of 
elasticity. 

[0091]Since the elastic element which an-anges and thin-film-ized the counter 
electrode part to the central part is made into the shape of a spiral centering on a 
counter electrode part in addition to an effect of the invention given in 
above-mentioned claim 1 and it arranges around the counterelectrode if it is in 
the invention according to claim 26, Also with the actuator of the same size, 
surface area of an elastic element can be enlarged and generative force at the 
time of elasticity can be enlarged. 

[0092]lf it is in the invention according to claim 27, in addition to an effect of the 
invention given in above-mentioned claim 1, the elastic element and counter 
electrode part which were thin-film-ized are made spiral, respectively. Since it 
has arranged so that the center of both whorls may be common and the whorl of 
another side may meet the periphery of one whorl. By arranging so that can 
enlarge surface area of an elastic element also with the actuator of the same 
size, and generative force at the time of elasticity can be enlarged, the center of 
both whorls may be common and the whorl of another side may meet the 
periphery of one whorl. The oxidation-reduction reaction of polymer is promoted. 



the elastic speed at the time of elasticity becomes quick, and the generative 
force at the time of elasticity can provide [ as a result ] a large actuator with a 
quick elastic speed at the time of elasticity. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] (a) is a principle figure of this invention, (b) is an explanatory view 
showing extension of an elastic element, and (c) is an explanatory view showing 
contraction of an elastic element. 

[Drawing 2] (a) Or (c) is an operation explanatory view of a bias mechanism 
same as the above. 

[Drawing 3] (a) is a graph which shows voltage same as the above and the 
relation of the amount of elasticity, and (b) is an explanatory view explaining 
reversal of the expansion and contraction direction by polarity. 
[Drawing 4] 0ne embodiment of this invention is shown, (a) is an outline 
transverse-plane sectional view, and (b) is an outline flat-surface sectional view. 
[Drawing 5] 0ther embodiments of this invention are shown, (a) is an outline 
transverse-plane sectional view, and (b) is an outline flat-surface sectional view. 
[Drawing 6] The embodiment of further others of this invention is shown, and (a) 
is an outline transverse-plane sectional view, (b) is an outline flat-surface 
sectional view, (c) is a perspective view showing the counterelectrode of the 



network structure, (d) is a perspective view showing tfie contracted state of tine 
counterelectrode of the network stmcture, and (e) is a perspective view showing 
the stretched state of the counterelectrode of the network structure. 
[Drawing 7] It is an outline transverse-plane sectional view of the embodiment of 
further others of this invention. 

[Drawing 8] It is an outline transverse-plane sectional view of the embodiment of 
further others of this invention. 

[Drawing 9] It is an outline transverse-plane sectional view of the embodiment of 
further others of this invention. 

[Drawing 10] (a) is an outline transverse-plane sectional view at the time of 
extension of the embodiment of further others of this invention, and (b) is an 
outline transverse-plane sectional view at the time of contraction. 
[Drawing 11]T he embodiment of further others of this invention is shown, (a) is 
an outline transverse-plane sectional view, and (b) is an outline flat-surface 
sectional view. 
[Drawing 12]T he embodiment of further others of this invention is shown, (a) is 
an outline transverse-plane sectional view, and (b) is an outline flat-surface 
sectional view. 



[Drawing 13]The embodiment of further others of this invention is shown, (a) is 
an outline transverse-plane sectional view, and (b) is an outline flat-surface 
sectional view. 
[Drawing 14]lt is an outline flat-surface sectional view showing the embodiment 
of further others of this invention. 

[Drawing 15] lt is a principle figure of the embodiment of further others of this 
invention. 

[Drawing 16] lt is an outline sectional view of the embodiment of further others of 
this invention. 
[Drawing 17] lt is an outline transverse-plane sectional view of the embodiment of 
further others of this invention. 

[Drawing 18] lt is an outline transverse-plane sectional view of the embodiment of 
further others of this invention. 

[Drawing 19] lt is an outline transverse-plane sectional view of the embodiment of 
further others of this invention. 

[Drawing 20] (a) is a transverse-plane sectional view showing the embodiment of 
further others of this invention, and (b) is a transverse-plane sectional view 
showing a curve condition. 



[Drawing 21] lt is a principle figure of the embodiment of furtlier otfiers of this 
invention. 

[Drawing 22] (a) is a flat-surface sectional view showing the embodiment of 
further others of this invention, and (b) is a perspective view showing 
crookedness. 

[Drawing 23] (a) is a transverse-plane sectional view showing the embodiment of 
further others of this invention, and (b) is a transverse-plane sectional view 
showing a curve condition. 

[Drawing 24] lt is a transverse-plane sectional view showing the curve condition 
which shows the embodiment of further others of this invention. 
[Drawing 25]T he embodiment of further others of this invention is shown, (a) is 
an outline flat-surface sectional view, and (b) is a ****** abbreviated sectional 
view. 

[Drawing 26]T he embodiment of further others of this invention is shown, (a) is 
an outline flat-surface sectional view, and (b) is an outline transverse-plane 
sectional view. 
[Drawing 27]The embodiment of further others of this invention is shown, (a) is 
an outline flat-surface sectional view, and (b) is an outline transverse-plane 



sectional view. 
[Drawing 28]The embodiment of further otiiers of tfiis invention is sliown, (a) is 
an outline flat-surface sectional view, and (b) is an outline transverse-plane 
sectional view. 
[Drawing 29]The embodiment of further others of this invention is shown, (a) is 
an outline flat-surface sectional view, and (b) is an outline transverse-plane 
sectional view. 
[Description of Notations] 

1 Elastic element 

2 Power supply section 

3 Voltage impressing part 

4 Electrolyte 

5 Bias mechanism 

6 Covering section 

7 Counter electrode part 

8 Elastic core material 

9 Insulating movement transmission part 

10 A rigid core material 



1 1 Link part 

12 Change part 

13 Tension guide 
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^D. btct^^r. m3ffn(D;U7mm5^mtt 

[0 0 2 3] $/c. 2-3Ji(±®#|im?l^^tj-. CCD 

1 2 ^fStt. MffiiSH^fc DffUm? 1 cDijft;^^ 

ct-^\ 2 o;3(±cDf$ifim? 1 ^(Dms.mmm^^^'^ 
-ym^^^^^ t'^\ t^rmmm^ 1 mm^ 

IM^I^ti:^^ ^ /c D L T g Slfi® r^V^T ^ a X- ^ 
[0 0 2 4] $/c. ^«cM^MS]l57^Stj-. 
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mmm 7 mmu^^p^^ < 1 1 3 m&.±(Dimm^ 1 ^ 
^ML. 3 m&L±mmm'?- 1 ^®Mj±cD0ii)n^^^;i 

ffijgt § /ci60;U7X« 5 ^^fiSct S c ^ D . 

c^(i:;&So 10 
[0 0 2 5] S/c. iJ14S# 1 0*^U y^0P 1 Uci D 

1 0 ®-7J®fM^<:#||S^ 1 fM®{[iK{c(fte^ 

®;urx« 5 mutzmmmm 1 ^istts c 

tiSo S/c. ;W7XSS5^1tefc*t^lg0P7A^l 

[0 0 2 6] $/c. u>^0n wmmm^fim^^ 

Kt§/ci6(^'JM;j^J^ F i 3 ^ISttS ^AW 20 
$ C CD ^ ^IM ^-r « c t c\ fflfgil? 1 A^^X 
mtm.\z.W:^^Y 1 3(ci:^5^~^K^ti«ci;-c\ 

[0 0 2 7] $/c. ^^jC^Lfc)rt^llig^7{C. IJIBl 

M 3 mtmmm^ i ^^mwal. f^^^©M^M 

Sgp 7 cD^gPfcfei^T^rf ^isgp 7 ©rtii ^tffiWAngp 

3 mt^m^mmm^ i co^^ffi^copsi^^igig 4 r- 
11^? 1 mmmm'ii\^\ mtLx^^m±^\^^ 

[0 0 2 8] ^/c. ^>L^gp^c^t^MS^7^iamu P 

M{bLfcf«? 1 mtmmmwxmmm^^i 

t^^tx. n-^^X(D7^i-:L:L~^xmmmf 

1 mmW&±t < TtTffli^©^^;fj;&;^t < 

tWX^^^tlLts:^,, 
[0 0 2 9] $/c. ^^L^gP^cEgL/c^^^MggP7^t> 
/cmMfttSii^^W^LV^ c©j;^;5:^fiSchtS 40 

^tx. n-^^X(j^7^93.:r.~^xmmm'?-i(r> 

mm^±^ < x^xwmnm^m^t <t^^t 

ifx^. $/c. )rMS0P7tt>/'»?JfDfttf«i:fc 

xf^ V '^-mimjiEis.mm u immimms. 

i)m<-^j:^i^(OXh?>o 

[0 0 3 0] $fc. ^micM\^mm^7 mmi. m 
mitbtcmm^ i mi^mmd^ 7 ^^;L^t bmm^ 
icLxMi^mmmmimmt^ c h*w$ li\ ccd 
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^±^<t^ctti^x^^mxs>:^o 
[0 0 3 1 ] S/c. PMbb/cfflsm? 1 &tfM^MS 

mt^ctmmLh\ u(DXorMi^tt^utx. 
m-t^X(D7'7^a.j.~^xmmm^ 1 comm^ 

i:^ < x^xmmmti^iz^ < t« c ^;?3^?^t. 

immmmm immt ^ctx\ u ^- 

t,oyx$>^o 

[0 0 3 2] 

mBrnxm-^i^'xtrnt^o 

[0 0 3 3] Hi (C(i*%0J!cD7^^aX-^®iia0 

LX&60 ^mm7^^=L x~^iit^v 7 =-v 

ffffiii? 1 iftiiii? 1 \zm£mm^rz.^<n^ 
'mi 2 Rtf luEPiipgp 3 h . 1 

ic#l?-&S/ci6cDlftfM4 ffffiH? 1 ©ff^l^fi: 

fe©. M:1JS\ SO4'" ^4C«H2 SO.. N 32 5 04 
Cr^^CSHCl^. F'^^CSHPFe. H 

B Y ^fs.^if'mx%^^(^x%^o 

[0 0 3 4] ^hX. 11±E« 3 fClEcDlfuCDlffi^ 
S ^ ^fbl^S^Sf;: i D f^lfl^? co^;^- y K- 1^ 

y If y LTfflg^? i A^iRHf S J; ^ 

[0 0 3 5] b^^LT. *|g0j5®7^^aX-^{J:, # 

^7Xl^5^^tj-TfeS©-f\ m\ (b) 
MffiWM 3 iciEOMf]iOMJ±^WiinLT#|im? 1 

«~te^©/^^7X«5fCj;!9#^7^[&I© 

tsi:i:(c/5:§o Z.Z.X. mmm}LhX)U77Mm 
m,^}it^m\mm\'^m.t^<^x%^o --n. 

gl (c) cDj;^f<:, MffiEPMP 3 fcllcDSfucDMffi^ 

wijnLTfftim? 1 *«-r«^. \imn^u77.m 
?i*^iKifiu mm^m?>7^=f-:t:i:~^timm 

t^^(DX$>^o 
[0 0 3 6] m2lCli;U77.mm(DmmtMt)^^^L 
TfeSo t^l^-S. H2 (a) tiMffiEPMP 3 fcMffi;^ 
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So H2 (b) imjimamsiLiEommm&^mii 
Lximm^ 1 mmLmmmL. iim(D;U7 
mm 5 mmmi" i ^wm^^mi^mm lx 

V^§„ H2 (c) aiffiEPMP 3 fcllcolfiicDMffi^W 

iinLTff«? 1 mmLkm^^sL. imm;^ 
7 mm 5 imirwmm^ i *W7^ ^t^? d 

:^^mMLrimmmmm7^=^3.x-^tim lo 

[0 0 3 7] 03 (a) ^il]±^#ffiSh®||f^^/fx-r 

^yyx^^. z.(D^'^7t'm^M£^o\L^ {mm 
? 1 ramt^nwrnim-^i^^wmmmmm^ 
{fc$ti:sc^*^T§So H3 (b) \mm^^^ 

mm^mwmm'i- 1 \zmwt^m±mm'^^ 

S C h « cD^^fe D ^ IffiEPMP 3 tCiE^lfu 

[0 0 3 8] 04{i:Ji*||0^cO7^^aX-^©-^ffi 
L T S 0 ^ff^14^t t S >^ ij 3 y j: D 

fig L/c^^^cDsagp 6 \f^\L-&\^m±.m\m> 3 ^^it 
/c#ifi^? 1 ^lais L . fittcosagf^ 6 (Dh^mum^ 
fmu ibic^mmL. Mtc. #11*;? 1 mmm 

mm^mm^\mmmL. ^mmmQm±. 30 

mmi- 1 h^PEg^cffM^tissPBi Dsa^2 ^) 

[0 0 3 9] Lt-^Lx. mmim-i\:.^n.mm±^ 

mmHmLx{mm\'^m^7 '79:i:^~'fm 

b, ^t^Msgp 7 \z]E(Dnmmwt^ wmm?- 1 40 
mmLx;%47mm5\z^mmmti\zm^ 

^\miiif^\:x. mmi^m^7^9:i:r.-^ti 

Mf^xmnm 4 ^^^gpfcsat^v^ j; ^ i^x^. $/c. 

[0 0 4 0] m5ini^mm7^^:i:^-^coimm 
mmmix^^o ^mmm.(Dmmmmimm 
m 4 iLTTstmrnm. t mmx h s i>\ i^^nmm 7 ^ff 

ISm?l©MHf^BHML/c.'5*^g4fc^tt©tM* 50 
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^^mnim^hx^^. ^mmwmLtdm^ 
6 © ^Mffifiifn^ ^ T Rif «^ L tcmmm 7 l 

t^t\ ifmmiL^\^^xii. mnmmimmm 
=?-imm\mmLxh^(Dx. ffnn? 1 ^©m^*^ 

TcstSAHSiJtis c hi:-, wmm^ 1 ®#iitf£i$ 

[0 0 4 1] H6tcfi*%0J!®7^^ax-^®Hfi:fi 
tt;.'DX^^^^Am'^s-^(n^X\ ffi®SjttiH4^H5 

izTf.f^immmm^Rtti-ox^^. 7^^ax- 
^ h LT^afft^c^^-^-ii-rsi^j^fitBS-rso 

llh-rSCh-^\ 7^^aX-^*H!?IILTl^^l^±i 
i^\z\m(^ (c) ^OttM-cfeS*^ 7^^ax-^^^iK 

;ti5 7 m&&hx\\m(\ b . 7 ^ ^ a X- ^ ;6HFf"jM L/ci-y 
\cimi\ <o) toidfciNi iffi;iitD;r^injv[ift;iii7^^inii 

LTfili^^-rsttOcfeS,, ctoidfc. v^)hl:|Jijii;i|!;! <h 

nm^imm'^tt^^tx. mmmmnm 

ifx^^mxh^o m^iximm'&mmn 
mi mmmLx\^m\ni^^Lx\^^i}\ muwt(^ 
tmrnmi mmiLtcmxh'^xt.ii\,\ 

[0 0 4 2] 07(i:Ji*^H^CD7^9^aX-^©®cffi 

a^mmmmsLxh^o ^%imm^u^x\mm\ 

MP 3 mmm^ 1 mmmmmh. mm it^m 

B&tSo $/c. 7^^aX-^tLTcOij{tt^i;ijft 

^tT^(OTSltSi)S0i5atBSt«o L^^LT. 

<^StcD-efeSo 

[0 0 4 3] Wy&(^nAV3^mi^7YCt^^t 

1 6 ^#ifim? 1 (Dnmrn^i- d ^.^tv^ii. im 

? 1 ®^{fci^s£tf£i$ti. ffum? 1 mmm 
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[0 0 4 4] m9Ui^mmwmmmBmti^73kL 
mm5m< mmmm 4 nmm s (D\^^tnMC7nt 

m^tcii^xmmBmmmt'^^^o cnicx^j. ;^ 10 

[0 0 4 5] 01 OJ<:Ji*|g0j5cDM{<:fic7)^ffiff»VTx 
6 . ;U7xmm 5 ^Pt< WSfiSctiH 4 7^M0 8 ^0 

t^dm^ ^ mmrmbunxA^rmm 5 
mm5tmm^ X j'fiVn'i 'm mm xt^mxh 

5 t LTcDllfg^M^f t « 

[0 0 4 6] ifmmw>m(D^mmm 1 1 

m^f \(j^W\m\z.wMLfcmxh^ff' . mi w^^^f^im 
^mi^u-xmim^mnmrn 7 ^tmL. mm\t 
Lmmm^ 1 nixi-mi^ Lxtmnm^^ 7 mm\z 

mmxh^. ^rc7^9:i:r.~^tLxmmnm 
LXh^^(Dx. nmtmmmmtmmmt 
So Lt'Lx. mmitLkwrnm^i^u-jm^Lx 
M\^mm^7mmimmt^ctx\ n-^^X(D7 40 

/c. ^rDgP(i:M^MSgP7^fMtSctT\ j^HOff 
urn? 1 fc±^^-tcM^;&EPi]PT$Sc ttc/feSo 
[0 0 4 7] ^^(C. 1 2 

1 i^^^tnmnmxisv^x. u-mi^mmstirdm 
1 (Dmmtsx 0 iLmmi^mmm 7 mmm 
Ltcmx^^. iimigi u^^t^Mjf^ 
mmmx^^(DX'mt^o *^MMif^fcv^Tti. 50 
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mm^ 1 ^©Mj±ffliin*^^«±^- ^ ^ D . us? 1 

[0 0 4 8] ^mmMimcDnmnmm 1 3 
im-3v^xtmnt^o mmmj^ish^xn. ±fHL/c 

ffnn? 1 hM^M@^7 tmmMmmLrcmxs> 
mmj^. mmmi zicmmmmtmx^ 

So 

[0 0 4 9] m^. ^^m^owmmmjfmm 1 4 
icm-3i^xtmt^o mmifmi^ish^xii. 
^LTcimm^ 1 tMi^mmmi tmmi^m^LTc 

7^^aX-^A^Rt1jc^LTl^So Hi 4fi: 

Tfe D . ^miMmmmm e PsitcMffE^MP 3 ^tatt 

/c P L fzWmiT 1 p L TcMl^nm 
$ fc. rt^Jlgp©MP 6 llWlcmn 4 ^i'l 

AtrfeSo ^LT. *iiM»i3i^T(±> v^)i-:i:iiijii 
^ 3 tciElfucoiffi^WiinL, )rt^lSgp 7 fcm^'ifi 

L. lie. mmm3icmmmi±mii\iL, 

lSgP7 {ClEcOlfu^EPijPtS P-zl'ttcDfTOm? 

\tmi-^m^i\mt^mxs>^o c-cx. 

-^fj^m^xt^mx^^o ucoxoi^. m-m 
7^^3.x~^^my5mcm^^^x^^(Dx. m 

M^®J±ie-x'>y9-->>\ ikl±$mtLX$m 
[0 0 5 0] m^. HI 5(i:ti*%0^®fficD^fiimi® 

mj±mii3 3 ^latt/cffum? 1 ^-Mtm. mmm 
? 1 micmmm 4 ^i^x t /c t ® ^-s d . -t? 

? 1 ©MJ±WM3 tciEMfiom^^Wiin^ti/c^tc^i 

fw®Mi±0ito^ 3 i^n.mmmii-^n^ ^ ^ imni± 
mum 3 ^^n^'nwMm 2 tcgn l /c t ® t ss o ^ 
LT. ±iH-7?®ffiim? 1 ©MffiEPtogp 3 iLjEmm 
m&^muL. im(Dimm^ 1 (Dm&mnm 3 jcHm 

a X- ^? hTO ^ fflM^ Si]§ ^^Bf fcHig 
"e$SC^(i:;&So 

[0 0 5 1] cmm^mLrc-mmnmm 1 e 
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mm^ 1 mmu c comM^ i fcMj±giAngp 3 ^ 

fc. #«^L/c7^^aX-^c7)«gP^fflSll5l 
T. -1j(Dimm^ 1 ®lJ±ffillPgP 3 tCiEmfuCDmffi^ 

mnu mmmm^ 1 ©mj±9:m 3 icmmm 
mmaLrdB^. -:^mmLrcmm^ 1 
L. immmircimm^ 1 j^j^iRH-r « c t 

<o. miit^nj±(DmiiL^mct=&t±mtm(Dmi'?^ 10 

"^-ucnmmmmtirium^c tiers cnic 

j;D7^^aX-^^iriftijft^t«(^c-feSA^ CCD 

rcmrurxmms^mf^t^actictsij ^ Ltzt^^ 20 
< . 7 ^ ^ a X- ^ L r ^flil7' t s c 
[0 0 5 2] m mam 1 5ic^^t ^(Djm^is,^ 
mwm^M 8 mmic±mimj±mam 3 ^^tt 

-1:(Dimm^ 1 ®MJ±9:M 3 (clEMficDMffi^g^iin 30 

fM®#iim? 1 ©MffiWAngp 3 icn.mmmm 

^ L tcwmmi' 1 mmt s c ^ ^ d > mat « ii± 

^mmcwmm^ 1 ^iml. 2 ^©#111^? 1 men 

[0 0 5 3] Hi SfctiHl 5lL7rstiy(D(DmM!S.f% 

i^Tskt^mmBmM. m 1 7 fc^t^MMif^fev^rff 50 



ffPfl 2 0 0 0 - 8 3 3 8 9 
14 

mm^ 1 ©ffHT^^fiife^-o T^>^ < h 1 2 ®pm±®s 

r. 7^^aX-^*^£^rfctfIDSiJ^-rSi^fi:M 
ftfSt^TfeSo ^LT. ^M]±EPMP3 hlSgP2 
t^ig||-rsM^iJ@S?§gPfi:fJ:^ti^~tiXY 7 9^ 2 0 m 
tj-Tfe D . ffH^^fcft^o TlSic^tj-/cMJ±WM 3 

? 1 mmmimmMmi^^^m^(Di:\ mus^ 

7 ^ ^ a X- ^ ® Mft^^Mill? ^ S c ^ s o 
[0 0 5 4] g 1 9 fca*|§0J5®ffi®||ffimi*VT^LT 

^irbrtmb. mmm^ 1 ®ieii®ijf5ig^9 

©Ifu^EPliPL. fflT^^DfEplfg*? 1 (c|l(Dflft^FPtot 

1 j:f9iewrarfi!9*^ I: mm^ 

m&]m-^rcm^u7mm 5 ^sj^-r« c hfi:;^ 
Lfcif-^x. m^m^u77.wmb^mtt^ 

;:t%<. 7^^aX-^i:LTcD[II|ff?|^;&|§igT 
[0 0 5 5] H2 Ofca^^Hj^tOfficDIIimi^^^LT 

3 ^isit/cff n^? 1 ^iBfSL. ^^li^iagp 6 Tia 
b. k.ywmntmm% \ 5t:-isl. ^gpfc^g? 

M4;&ltALT7^5^aX-^^^jSLTfeSo L*^L 

ft#?l^gjM-r«/ci6®;U7XlS5 ^lifiScfS c ^ 

■rSCh&<. 7^^aX-^^LT®Mftff?S^^5g 

iiTt s c t (c/feSo CCD cfc ^ \z.imMm'^^\^x\i 
m^mm- « 7 ^ ^ a x- ^ ^^^-^ t « t o-? s 

[0 0 5 6] ^^fc. g2 1 v^immm-i'^WTmrnm 
mMmm.bxh^o tr^tt,. ^mmmj^is^^x 
It. 2'Di;i±(Dimm^imm. c®2-31x±(d#ii 

1 ^©MJ±cDWiip^ig^;lSig^;l^ 1 2 ^stt. 



ii^iLLkmnh^o trj:b%. mmm=?itmm 

ffum? 1 ^(j^m±(^mmm^^^^ ti:\ 2 -di^a^ 
mmm^ 1 ^(Dmmmm^^^^-ymm^^ 

im-^^tc^. mm^tc^th^^^oic. m urn 10 

[0 0 5 7] m^. m2 2iz^mmMim(Dmmnm 

m3 7 ^flStt . M^lSgP 7 < ^ 3 fi 

itcDffn^? 1 mmi^tmu mmtmmm^ 1 

Let)/:) S;/-J<l j^^*B§LTty^«A^ i 1 I.I.J ,r„|llll ^0 
(±I'JJjAmI!l|'JJ'| L ffffg^? n^ti^li I|1/jii„|. 
TfeSo ^ L L P^filifflr^T 1 t,Vi',.l!2 ^^Mkf ^ 
M?y0gSgP(C«^timxY'y^2 Oi^mXS)-oX^} 

m^3i 2mf^ir&^o it^ir. 3®i:i±<Dim 
mitt^cti:m2 2iLm^zyjmcumLrc^-. 

Y lent mm ) ® 3 i^^e^sftiif^*^-^ t § 7 ^ ^ 
mt mmm^ 1 1 

[0 0 5 8] ^M-e. g2 3fcS-j\^T*^0^®®cfi® 

ZM\^my^% \ w'^M^^^xi. z.my'7% 

1 1 fci; DlS^^n/cl14S^^ 1 ocD-^©{iKfcMJ± 
EPM 3 ^^tt/cfflill? 1 (MCM^icJ^te^® 40 
;U7X»5^1te/c?t^MSgP7^^ttTfeSo H 

2 3 ©HffiMlTti^MS®? 151 D Jftefc i: D M^MS 
gP7^||MtS;U7XSS5*«LTfeSo $/c. 
^^M^«agP6^«L. ±T^SIf1P]^^I!S]I5 1 5 

toL/c±i^. {mm-\mmhx^)y'7% \ \ 

% 7 ^HMt S/U 7 x« 5 ti? 151 D j; D « 50 
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TM^MS^ 7 fiiJfcMfttS^^Mtffl fflgll? 1 © 

3 f^HMfu^Mffi^Wljn M^MSgP 7 fciEMfu® 
IE ^ EPto L /c±i^. ±f H; U 7 X 5 ^SfiSct S «~ 
te*f^ln[LT#|g^? 1 ^«LTU ym 1 1 ^^^l^ 

fi:bTM^M@^7 hSMMfciJftsi^ 1 ^tmrnt 

§0 ccDj;^(i:. 7'y^^:L-^my^^% \ \ 

\m^m^% 7 ij^ffus? 1 m\z.fmmm\'^ ^'omm 

[0 0 5 9] Cl.X\ 02 3®||ffim^®t^DCT^. 

g2 4 {CxTn-t i 0 i^imm^ 1 ©BS^^gp^^v Kts 
x\ imm^ 1 A^^xffi-r k 1 3 d 

t'^Xt^ Chiefs:^. 

[0 0 6 0] 'Ale. 02 5 (cS-C)l^T*|§|§tOfitO||l 

Bme-Di^mt^ ^tmb'^ia-sh^xii, mx^i 
Ljii\n]^kM> 7 ie uijPi.i^ . j-r s^iiat^fiiiiij};- j - 
1 mxi. mmMi^mm^i mmei5\,'XM\Hm 
m3 7 (Dm tmmm 3 ^tt «isit©ffii^? 1 
mMtmicmmn4mmLx$>^o ccx. wm 
1 m$im^\^^mimLx\^x-&icm±m\} 

gP7tcjfALrv^So mzsim^mx&'o. li 
m(D;urxmmmmtmLx\^^^t>\ mm®^ 

^MJ^il^Wc;U7xl^%^tt«fe©TfeD. c 

Ttcfc<. m^^j^^rcimMi'iieMLx;'^ 
-^rmmwfxi^^i^mx&^o 

[0 0 6 1] ^LT. *^MJf»feV^TJJ:MJ±WM 

3 ie]E(Dmmmmmw> 7 (i::^(OMf4^oMj±^EnAnt 

« c ^Tffum? 1 sffiEPMP 3 lemma 

1 *^iKiit-«©-efe«^\ mmm^ 1 ^M^niift 

[0 0 6 2] m2 6im'Jv^x^mmimmM 
nmie-Dmrnt^o ^mmBrnxisv^xa. ^ime 
mwMM 7 mmu mmitbtcimm^ 1 mm 
\m D mfxtmmmm 7 ©^Mg^t^iamL/cSBSc t ^ 

wmmf 1 MffiWijngp 3 izmnrnmn 
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mmitbtcimm^? i ^mimrn'omfrMmwrn 
-^vmmm^ i ©nffie^&^t < r^rmmm 

gPfC^t^MS 7 ^^M-r S C t JifflCDf^ffi^? 1 iL 

[0 0 6 3] mz 7 icm-^i^^r^mmmicim 

ISgP 7 2 7 fc^t" V icmtm^M&iLrh^o 

mm tmi^. ^-^t ^ x^d 7 ^ ^ ^ x- ^ 1 m 
1 cD^ffit^^t < ^'txmm'^^ii^±^ < 

t> /c^j^fcfjf D ftif § ctl:f^V^- imm^ 1 ^11 20 

m) mmjiEJi^mmi. wmmmmm 

[0 0 6 4] 0 2 8 fca-:3Vr*|gB^O®CfflO 

gPfC^t^lSgP 7 ^EML. PM{tLfc#l!l^? 1 

ffi^wiints c 1 mmu mmm 3 30 

1 mi^mmm 7 ^^rL>h L/cii^i«(c ltjt^^ 

-^■^^mmm^ 1 < -^^^mmm^ 

[0 0 6 5] m^. mzdicm-^i^^r^mm^imo) 
mmmi^-Dmrnt^o ^mmmic^h^m. mm 
itbtcimmi' 1 mmmwMi ^^timmmm^ 
Lx. mm^(D^'bti'^nMxK'D-y:(D}m^(Dm 40 

So CCDUffiMlfcfeV^Tt. M]±EW3(CiE©Mf]i 

1 mmu mmmn^ 3 iciKDMfi;^^^!®]^? 
7 icsEff)mmmmm\it?> c tmmm^ 1 ^^ikii 

t ©^^M immmm^m immt s c t 50 
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[0 0 6 6] 

w-rs©-e\ mmm^iEmiimm^ twmm 
Ttsr^^^ax^^ ^^^^^fiScT^ift t s o 

[0 0 6 7] ^/c. ff*i|2fHic©|g0^fi:feoTti. ± 
V u 3 y^©sa^;&j^fiSc M^M®^ ^ff urn? ^ 

m.m%mm.m^ ^-ys^©/ ^ x- 

[0 0 6 8] $/c. ll*]l3iEtc®l§H^ii:feoTtJ:. ± 
[0 0 6 9] $/c. f|*]l4fHSO^HBcfeoTJJ:. ± 

ffSltcjS^ L /cff^«^{l:* Wr v^r ^ ^ a x-^ 

[0 0 7 0] S/c. fMHSfHS^JgHJ^fcfeoTti. ± 

mm(mm%ti-h\i') (dx\ 'mi3Lxmmm< * 
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[0 0 7 1] $/c. mMM6Bmmmi^&-:>rit. ± 
mmm i mm(Dmmmmcmr. mBmamtw 

[0 0 7 2] $/c. ll^]l7fH«©^0Bi:feoT^i. ± 

[0 0 7 3] $/c. ffj}<iM8fHic«?g0i3t<:$.orti. ± 

[0 0 7 4] S/c. ffj}<]S9lBic(^:lgHf!t<:feorti. ± 
fafMiMilBic(^%Hi!(^?ii*f<:fin^r. ^;L^gpt<:W^l 20 

[0 0 7 5] $/c. ff^Jll OfHt^OfgB^fCfeoTa. 

[0 0 7 6] $fc. iMJii lummmi^h-Dxit. 
±tmmi otmmmmmm^x. u-jim 
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[0 0 8 6] $/c. |f;M2 1 Idic^DlJglWtcfe-oTfi:, 

±fHff^ii 1 tmmmmm'^mx. wi'mmm 
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